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a second stage for supporting a mask oa which a prede- 
tennined pattern is formed; 

an iliumination optical system for emitting exposure ligjit 
of a predetermined wavelength and transferring the 
pattern of the mask onto the substrate; and ^ 

a catadioptric reduction projection optical system pro- 
vided between said first stage and said second stage, for 
projecting a reduced image of the pattern of the mask 
onto the substrate, said catadioptric reduction projec* 
tion optical system including: 

a first imaging optical system having a positive refractive 
power and for forming a first intermediate image as a 
reduced image of the pattern on the mask; 

beam splitting means for splitting at least part of a Hght is 
beam &om said first imaging optical system; 

a second imaging optical system including a concave 
reflecting mirror for reflecting a Hght beam split by said 
beam splitting means, and for forming a second inter- 
mediate image as an image of the first intermediate 20 
imag^ and 

a third imaging optical system for forming a third inter- 
mediate image as an image of the second intermediate 
image on die substrate on the basis of a light beam, of 
k light beam firom said second imaging optical system, ^ 
which is split by said beam splitting means. 

9. An apparatus according to daim 8, wherein said beam 
splitting means is a prism type beam splitter, and at least one 
of the first intermediate image and the second intermediate 
image is formed in said prism type beam splitter. ^ 

10. An apparatus according to claim 9, wherein an optical 
axis of said first imaging optical system corresponds to an 
optical axis of said second imaging optical system, and said 
beam splitting means is disposed between said first imaging 
optical system and said second imaging optical system. 

U. An apparatus according to claim 9, wherein an optical 
axis of said second imaging optical system corresponds to an 
optical axis of said third itnapng optical system, and said 
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beam splitting means is disposed between said second 
imaging optical system and said third imaging optical sys- 
tem. 

12. An apparatus according to daim 8, wherein said beam 
splitting means is a partial reflecting minor for partially 
reflecting a light beam, and the second intermediate image 
is formed between said beam splitting means and said 
concave reflkctiing mirror of said second imaging optical 
system. 

.13. An apparatus according to claim 12, wherein said 
partial reflecting minor is disposed so as to avoid optical 
axes of said first and third imaging optical systems. 

14. An apparatus according to daim 8, wherein the 
following ccmditions ate satisfied: 

and 

where p^ is the Petzval sum of said first imaging optical 
system, p2 is the Petzval sum of said second imaging optical 
system, and p, is the Petzval sum of said third imaging 
optical system, and the following conditions are satisfied: 

0.2SS|{m^lJ, and 

where ^ magnification between the pattern of the first 
surface and the first intermediate image, ^ magnifi- 
cation between the first intermediate image and the second 
intermediate image, and is the magnification between the 
second intermediate image and the third intermediate image. 

# « * * * 



\5. A catadioptric imaging optical system m a projection 
exposure apparatus in which a pattern on a reticle placed on a first 
surface is transmitted onto a substrate placed on a second surface, 
comprising: 

a first dioptric imaging optical sub^system: 

a catadioptric imaging optical sub-svstem in an optical 
path between said first dioptric imaging optical sub-svstem and the 
second surface^ comprising a concave mirror and a catadioptric 
optical axis: and 

a second dioptric imaging optical sub-system in an ' 
optical path between said catadioptric imaging optical sub-system 
and the second surface, comprising a second dioptric optical axis. 

wherein 

a primary image is foimed between said 
first dioptric imaging optical sub-svstem and said catadioptric 
imaging optical sub-svstem. 

a secondary image is formed between said 
catadioptric imagiiig optical sub-system and said second dioptric 
imaging optical sub«svstem. and 

tiiie catadioptric optical axis intersects the 
second dioptric optical axis. 

16. The optical system according to claim 15, wherein said 
catadioptric imaging optical sub-svstem further comtnises a 
negative power lens. 

17. The optical system according to claim IS. further 
comprising a turning mirror located off the second dioptric optica! 
axis. 

18. The optical system according to claim 17. wherein the 
secondary image is formed between said turning mirror and the 
concave mirror. 

19. The optical system according to claim 15, further 
comprising an aperture stop in said first and/or second dioptric 
optical sub-svstem. which controls a coherent factor. 

20. The optical system according to claim 15. wherein the 
second dioptric optical axis is along a straight line. 

21. The optical system according to claim 20. wherein said 
first dioptric imaging optical sub-svstem comprises a first dioptric 
optical axis along a straight line. 

22. A projection exposure apparatus which transfers apattem 
on a reticle onto a substrate, comprising: 

a catadioptric imaging optical system according to 
claim 15. wherein said catadioptric imaging optical system forms 
an exposure area at a position off the second dioptric optical axis. 

23. ThepToiecrion exposure apparatus accordmg to claim 22. 

wherein the reticle and the substrate are scanned at different 
speeds corresponding to a magnification of said catadioptric 
imaging optical system. 

24. A method of imaging a pattern on a reticle onto a 
substrate, comorismg: 

passing a light from the reticle through a first dioptric 
imaging optical sub-svstem: 

passing a light from the first dioptric imaging optical 
sub-system through a catadioptric imaging optical subsystem 
having a concave mirror 

passing a light from the catadioptric optical sub-system 
through a second dioptric imaging optical sub-system: 



fonning a primary image between the first dioptric 
imaging optical sub-svstem and the catadioptric imaging optical 
system^ 

forming a secondary image between the catadioptric 
imaging optical system and the second dioptric nmaging optical 
sub-svstem: and 

turning an optical path near the primary image. 

25. A method of imaging a pattern on a reticle onto a 
substrate, comprising: 

passing a light from the reticle through a first dioptric 
iinaging optical sub-svstem; 

passing a light from the first dioptric imaging optical 
sub-svstem through a catadioptric imaging optical subsystem 
having a concave mirron 

passing a light flow the catadioptric optical sub-svstem 
throudi a second dioptric hnaging optical sub-system; 

forming a primary image between the first dioptric 
imaging opticd sub-svstem and the catadioptric imaging optical 
system; 

fonning a secondary image between the catadioptric 
imaging optical system and the second diotrtric imaging optical 
sub-svstem: and 

turning an optical path near the secondary image. 

26. The method according to claim 25, wherein the optical 
path is turned by a turning mirror located off an optical axis of the 
second dioptric imaging Optical sub'svstem, 

27. The method according to claim 25, further comprising 
controllnig a coherent factor using an aperture stop in the first 

. and/or second dioptric imaging optical sub-svstem. 

28. The method according to claim 27. fiirther comprising 
arranging the reticle and the substrate to be parallel. 

29. The method according to claim 28. fbrther comprising 
turning an optical path in the first dioptric imaging optical sub- 
svstem. 

30. A catadioptric imaging optical system in a projection 
exposure apparatus in which a pattern on a reticle placed on a first 
surface is transferred onto a substrate placed on a second surface. 
comprismg: 

a first dioptric imaging optical sab-system; 

a catadioptric imaging optical sub-svstem in an optical 
path between said first dioptric fmagnig optical sub-svstem and the 
second surface, comprising a concave mirror. 

a second dioptric imaging optical sub-svstem in an 
optical path between said catadioptric imaging optical sub-svstem 
and the second surface: and 

a tnraing mirror between said catadioptric imaging 
optical system and said second dioptric imaging optical sub- 
system. 

wherein 

a primary image is formed between said 
first dioptric imaging optical sub-svstem and said catadioptric 
imaging optical sub-svstem, and 

a secondary image is formed between said 
catadioptric imaging optical sub-svstem and said second dioptric 
imaging optical sub-svstem. 

3 1 . The optical system according to claim 30. wherein the 
secondary image is formed between said t urning mirror and the 
concave mirror. 



32. The optical system according to claim 30. further 
comprising an aperture stop in said first and/or second dioptric 
optical sub'Svstem. which controls a coherent factor. 

33. The optical system according to claim 30. wherein said 
second dioptric imaging optical sub«system has an optical axis 
along a straight line. 

34. The optical system according to claim 33. wherein said 
first dioptric imaging optical sub-svstem has an optical axis along 
a straight line. 

35. A proiection exposure apparatus which transfers a pattern 
on a reticle onto a substrate, comprising: 

' a catadioptric imaging optical system according to 
claim 30. wherein said catadioptric imaging optical system forms 
an exposure area off an optical axis of said second dioptric 
imaging optical sub-system. 

36. The proiection exposure apparatus according to claim 35. 
wherein the, reticle and the substrate are scanned at different 
speeds correspondmg to a magnification of said catadioptric 
imaging optical system. 

37. A method of imaging a pattern on a reticle onto a 
substrate, comprising: 

forming a primary image of the reticle by a first 
dioptric imaging optical sub-system, based on light from the 
reticle; 

forming a secondary image of the reticle using a 
catadioptric imaging optica! sub-svstem having a concave miiror, 
based on light from tiie first dioptric imaging optical sub-system; 

forming a final image of the reticle on the substrate 
using a second dioptric imaging optical sub-svstenu based on light 
from the catadioptric imaging optical system; and 

turning an optical path between the catadioptric 
fanaging optical system and the second dioptric imaging optical 
sub- system. 

38. A catadioptric imaging optical system in a proiection 
exposure apparatus in which a pattern on a reticle placed on a first 
surface is transferred onto a substrate placed on a second surface, 
comprising: 

a first dioptric imaging optical sub-system comprising 
an optical axis along a straight line; 

a catadioptric imaging optical sub-system in an optical 
path between said first dioptric imaging optical sub-system and the 
second surface, comprising a concave mirror and an optical axis 
along a straif^t line; and 

a second dioptric imaging optical sub-system in an 



optical path between said catadioptric imaging optical sub-system 
and the second surface, comprising an optical axis along a straight 
line. 

39. The optical system according to claim 1 5. wherein said 
first dioptric imaging optical sub-system, said catadioptric 
imaging optical sub-system, and said second dioptric imaging 
optical sub-svstem further comprise lenses having the same 
material, 

40. The optical system according to claim 15. wherein the 
optical system satisfies the following conditions: 

Oi^lgjsl 
0.253; [B,UU5. and 

wherein Bi is a magnification for said first dioptric imaging 
optical sub-svstem. is a magnification for said catadioptric 

imaging optical sub-svstem, and 6% is a magnification for said 
second dioptric imaging sub-system 

41. The optical system according to claim 15. further 
comprising a turning mirror, and wherein the first surface is 
parallel to the second surface. 

42. The optical system according to claim 41. wherein said 
tuning mirror is in said first dioptric imaging sub-svstem. 

43. A method of fanaging a pattern on a reticle onto a 
substrate, comprising: 

forming a primary image of the pattern using a first dioptric 
imaging optical sub-svstem comprising a jfirst dioptric optical axis 
along a straight line; 

forming a secondary image of the pattern using a catadioptric 
imaging otptical sub-svstem comprising a concave mirror and a 
catadioptric optical axis along a straight line, the second image 
being formed using lidit received from the first dioptric imaging 
optical sub-svstem: and 

forming a final image of the pattern on tiie substrate using a 
second dioptric imaging optical sub-svstem comprising a second 
dioptric optical axis along a straight line, the final image being 
formed using light received from the catadioptri c imaging optical 
sub-system. 
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